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ABSTRACT 
The design of wearable applications supporting children with 
Attention Deficit Hyperactivity Disorders (ADHD) requires 
a deep understanding not only of what is possible from a 
clinical standpoint but also how the children might 
understand and orient towards wearable technologies, such 
as a smartwatch. Through a series of participatory design 
workshops with children with ADHD and their caregivers, 
we identified tensions and challenges in designing wearable 
applications supporting the self-regulation of children with 
ADHD. In this paper, we describe the specific challenges of 
smartwatches for this population, the balance between self-
regulation and co-regulation, and tensions when receiving 
notifications on a smartwatch in various contexts. These 
results indicate key considerations—from both the child and 
caregiver viewpoints—for designing technological 
interventions supporting children with ADHD. 
Author Keywords 
Wearable, smartwatch, ADHD, children, design tensions.  
CSS Concepts 
• Human-centered computing ~ Human computer 
interaction (HCI);  
INTRODUCTION 
Neuro-Developmental Disorder (NDD) is an umbrella term 
for a group of disorders arising during the developmental 
period. NDD is characterized by severe and often co-
occurring deficits in the cognitive, social, communicative, 
motor, behavioral, and emotional spheres that result in 
significant challenges in school and home settings [1]. NDD 
includes Intellectual Disability (ID), Attention Deficit 
Hyperactivity Disorder (ADHD), Autism, and other 
disorders.  Children with NDD, and particularly with ADHD, 
exhibit symptoms across two broad areas: inattention and 
hyperactivity/impulsivity [1]. Children with ADHD, who 
display symptoms of inattention, are most notably easily 
distracted and have trouble sustaining attention for a 
prolonged amount of time [1]. Meanwhile, children 
expressing hyperactive/ impulsive symptoms are often 
unable to regulate their bodies as well as their emotions [1]. 
Behavioral interventions are promising as approaches to 
improving the control of attention and impulsivity in the 
development of self-regulation skills [39]. Self-regulation is 
controlling one’s behavior, emotions, and thoughts to pursuit 
long-term goals. This skill involves self-monitoring, goal 
setting, reflective thinking, decision making, self-evaluation, 
and management of emotions arising as a result of behavior 
change [31,39]. Self-regulation is fundamental to adaptive 
developmental tasks at all stages of life [28].  
For children who struggle with self-regulation, caregivers 
(e.g., parents, teachers) tend to support them, either with 
motivational or emotional scaffolding. Motivational 
scaffolding involves the caregivers’ ability to initiate and 
sustain children’s enthusiasm for a task, by praise and 
encouragement, to redirect child attention, or to restart the 
task [16] (i.e., co-regulation [48]). When caregivers provide 
co-regulation strategies successfully, children with ADHD 
have more possibilities to reduce problematic behaviors, 
increase more successful behaviors, develop greater feelings 
of personal self-efficacy and confidence, and improve 
parent-child interaction [10,15,24]. This collaborative work 
requires that interventions and assistive technologies for 
people coping with ADHD be designed as collaborative 
tools. 
Ubiquitous and wearable computing solutions have been 
used to support children and adults with NDD, such as 
intellectual disabilities [52], ADHD [33], and autism [49].  
These technologies, however, have traditionally been 
designed for individual users and without substantial input 
from the children with ADHD themselves. Thus, in this 
work, we explicitly considered a model of intervention that 
 
 
 
involves both children and caregivers working together and 
focused on input from the children themselves.  
We hypothesize that smartwatch-based interventions could 
help in supporting self-regulation, and this research is part of 
a larger long-term project focused on developing and 
evaluating such interventions. In this paper, we present the 
results of the first phase of this work. Based on the findings 
from workshops and focus groups with children with ADHD 
and their caregivers, we present three design tensions that 
should be considered surrounding the use of wearable 
technology to support self-regulation in children. The 
tensions are: greater capabilities versus smaller form factors; 
balancing self- and co-regulation; and notifications as 
supports as well as distractions. While the issues of form 
factor and notification have been seen elsewhere (e.g., 
[9,11,21]), their combined effects in this space alongside the 
unique issues of self- and co-regulation intersect to create a 
design space that requires particular care, as we describe in 
this paper. 
RELATED WORK 
Here we first present the general approaches of wearable 
technology supporting people with NDD. Then, we focus 
specifically on approaches using smartwatches.  
Wearable Technologies for People with 
Neurodevelopmental Disorders 
Wearable technologies provide portable computing solutions 
that can be used nearly anywhere and have the ability to 
record, simulate, communicate, and provide timely feedback 
to users [4]. Currently, research on the design and 
development of wearable technologies supporting people 
with NDD have explored how to use head-mounted devices, 
such as wearable immersive virtual reality, or wearables 
glasses to support social skills [5,14] and everyday tasks [3]. 
For example, HoloLearn [3], is a wearable virtual reality 
application to improve the autonomy of people with NDD in 
simple everyday tasks. An exploratory study, with 20 
adolescents with NDD, found that HoloLearn is well-
accepted and enjoyable but has some usability problems 
surrounding the wearable interactions. Slightly more 
intrusive wearable technologies, such as EEG wearable 
devices to support self-regulation using neurofeedback [2], 
have been explored more recently. 
The research focused on wearable sensors, placed on 
different body parts, has demonstrated the potential to sense 
behaviors of people with ADHD and give timely feedback to 
avoid inattention episodes [43,45]. For example, CASTT 
(Child Activity Sensing and Training Tool), is a wearable 
prototype designed to provide real-time assistance in 
regaining attention for children with ADHD. CASTT uses a 
heart rate band, accelerometers on the arms and feet to sense 
movement, an EEG device, and a smartphone. A preliminary 
evaluation with 20 children, with and without ADHD, found 
that monitoring physical and physiological activities in real-
time could potentially assist them. However, using multiple 
wearable sensors was uncomfortable for children, and 
sometimes the notifications were unnoticed.  
Taken together, this research indicates that wearable devices 
could be worn by people with NDD to support the 
development of new skills and practicing of existing ones. 
However, few efforts have gone beyond wrist-worn 
technologies, given the inherent challenges of wearing 
substantial sensor and computational power.  
Smartwatches Supporting Self-Regulation 
Smartwatches offer promising platforms for improving 
therapeutic interventions. Researchers have demonstrated 
that they can be used to help people monitor their health, 
improving outcomes, and feelings of self-efficacy [17]. 
Smartwatches can support the cognitive  [9], social [47], and 
motor [13] skills for children [38]. For example, 
EnhancedTouch is a bracelet that measures human-human 
touch events and provides visual feedback to augment the 
interaction of children with autism. An evaluation study with 
six children with autism shows that visual feedback provided 
by the bracelet motivates children with autism to touch one 
another [47].  
Recently, research on smartwatch technologies aimed to 
design and develop applications to display self-regulation 
strategies for people with NDD [49] when they show stress 
or anxiety [42]. For example, Taimun-Watch is a system that 
helps caregivers of adults with autism create and edit visual 
self-regulation strategies. The visual supports created are 
sent to adults with autism and appear on their watches [49]. 
A preliminary evaluation with two adults with autism 
indicated that adults with autism could employ the self-
regulation strategies created by their caregivers effectively. 
Similarly, Snap is a digital wristband that records interaction 
(e.g., gripping, huddling, and stretching)[42]. The data 
recorded can help detect anxiety and support users’ 
reflections of their experiences and needs [42]. Snap was co-
designed with seven adults with autism and their caregivers. 
Researchers identified wrist-worn technology as a solution 
for identifying triggers of anxiety and provide positive 
feedback to adults with autism when they needed.  
Only a few works have explored how to support self-
regulation strategies for people with ADHD specifically. For 
example, Focus is a smartwatch application to aid adults with 
ADHD to focus and reduce their stress [12]. To design the 
prototype, 27 adults with ADHD answered a survey, 
 
 
 
followed by a prototyping and usability test with ten adults. 
The evaluation found that calm down activities and timers 
could support the self-regulation of adults with ADHD [12]. 
Similarly, WELI (Wearable Life) is a wrist-based application 
that assists adults with intellectual disabilities to support self-
regulation in class. WELI was designed through 8 user 
studies with 58 participants. Results indicate that mood 
regulation, reminders, checklist, surveys, and rewards should 
be integrated into a smartwatch application [52–54].  
Examined collectively, this prior work shows that 
smartwatches can be useful for providing visual and auditory 
feedback to children and adults to assist them in the 
acquisition of different skills. Particularly, smartwatches can 
help people with NDD to support self-regulation by using 
feedback and mindfulness activities when they experience 
behavioral challenges. However, open questions remain 
regarding the impressions and concerns of children with 
ADHD regarding wearing a smartwatch, and how this might 
impact design.  Therefore, in this work, we present the results 
of a co-design process that included both children and their 
caregivers. We describe design tensions that should be taken 
into account when designing wearable technology 
supporting the self-regulation skills of children with ADHD 
in a collaborative environment.  
METHODS  
We conducted a qualitative study for eight months. We 
conducted a series of participatory design sessions with 
children with ADHD and their caregivers as well as focus 
groups and interviews that did not include design activities. 
Participants 
This research was conducted collaboratively with a school 
for children with ADHD and related behavioral challenges. 
We recruited 24 students (3 girls; 21 boys; on par with the 
population of the school) between the ages of 10 and 13. 
Each child participated in five one-hour workshops for a total 
of five hours per child. We also conducted one focus group 
with 9 staff working at the school, including teachers and 
assistants. Finally, we conducted one focus group with three 
parents and a semi-structured interview with one mother who 
was unavailable during the scheduled focus group but 
wanted to participate.  
 
Procedure 
First, we conducted a series of participatory design 
workshops with the children. Participatory approaches to 
designing technology are particularly valuable for children 
with disabilities, but workshops need to provide specific 
structures and supports for them [13]. To determine the best 
structure for the workshops, we combined the information 
we gathered from our collaborators in the school with six 
hours of non-participatory observation at the school. Then, 
we conducted ten workshop sessions during a designated 
class. The participants were divided in two groups; each 
group completed five sessions (see Table 1).  Each workshop 
with the children began with a group discussion about topics 
related to wearable technology, self-regulation strategies, 
and potential features for a smartwatch application. Each 
child then sketched their own ideas using a smartphone and 
a smartwatch paper prototypes (see Figure 1). Finally, they 
presented their ideas in front of the group, allowing other 
children to ask questions about the sketches.  
We then conducted a focus group with the staff and teachers. 
In this session, we first presented the main outcomes from 
the first four workshops with the children. The group then 
discussed their challenges and strategies to help children 
with self-regulation during class, their concerns about using 
technologies during class, and potential activities that could 
help children to be more regulated. Finally, we conducted 
one focus group with three parents and one semi-structured 
interview with one mother during which we discussed their 
concerns about their children wearing a smartwatch. They 
also brainstormed potential opportunities to design an 
application supporting self-regulation at home.  
Data Collection and Analysis 
We collected detailed field notes during the observation 
sessions. All workshops and interviews were audio-recorded 
and transcribed for analysis. Given the conditions of the 
focus group recordings, our transcripts only identified the 
moderator the type of participant and gender as a “boy,” 
“girl,” “father,” “mother,” or “teacher,” and we use those 
Figure 1. Paper prototypes material used by the children to 
draw their sketches.   
Participants Data Collection Aims 
24 Children  
(10-13 years old) 
5 workshops per child in two groups 
(1 hour each) 
Sketch ideas for the smartwatch intervention 
Understand current strategies and how they could be improved using 
the smartwatch 
Brainstorm potential ideas for smartwatch applications 
9 Instructional 
Staff 1 focus group (1 hour) Understand current strategies and problems they face Discuss broad concerns about children using technology 
Develop requirements for smartwatch applications 4 Parents (2 males, 2 females)  
1 focus group with 3 parents (30 min) 
1 interview with 1 parent (30 min) 
Table 1. Summary of data collection 
 
 
 
labels throughout this paper. We used a combination of open 
and axial coding to score our interviews and group our codes 
[7]. Then, we categorized our coding with instances related 
to tensions for design. All drawings, sketches, prototypes, 
and other visual artifacts created during the co-design 
sessions were collected, scanned, and categorized for greater 
understanding of design possibilities, imagined futures from 
the children’s viewpoints, and areas of divergence from the 
research team’s design concepts. 
RESULTS 
In this section, we describe the results of our qualitative 
analysis. In particular, we outline the challenges related to 
mobile and wearable form factors, the differences and 
tensions among proponents of self- and co-regulation, and 
the inherent conflict of notifications as support for people 
who can struggle to focus.  
Wearable Platform Considerations for Children 
Wearables are appealing as platforms for intervention due to 
their small size, long battery life, and increasingly capable 
processing power. Most of the children in our study found 
the smartwatch to be very practical due to their portability, 
glanceability, and low access time:  
 “The advantages of [smartwatches] are that it’s right there 
(referring to their wrist). So, instead of taking your phone out 
continuously and watching it, you just go like this (showing 
his wrist), and [the smartwatch] is on." [Boy, 6th grade]1  
Despite the positive effects outlined above, two of the 24 
children interviewed explicitly described watches as 
physically uncomfortable, an inconvenience they were 
unwilling to overcome for the perception of no additional 
benefit beyond a phone:  
“I personally don’t like the smartwatch. I think that a 
smartphone is enough.” [Boy, 6th grade];  
Many children with ADHD also have sensory processing 
disorder, or a related condition [23], that can make wearable 
technologies particularly bothersome, whether wrist-worn or 
otherwise. Although the school with which we worked is 
state-funded and not particularly wealthy, almost all of the 
children in our study reported already regularly having and 
using a smartphone. The notion of being responsible for and 
needing to carry two devices felt overwhelming in some 
cases. In these cases, it is an open question whether a 
standalone smartwatch application might be preferred given 
that most of the children—while owning a smartphone—did 
not use it regularly, smartphones are nearly forbidden at their 
school, and many times the use is restricted at home.  
 
1 Quotes identifiers represent the role and gender of the participant (male or 
female staff; father or mother). Identifiers of  children represent their gender 
and their school grade level according to the American school system.  
While standalone wearable and smartwatch applications 
have their appeal, they are still a limited platform in terms of 
design and functionality. The size of the screen alone limits 
the interaction capabilities, a well-known challenge in 
wearable design. Although none had used such devices 
directly, the children displayed some inherent understanding 
of these challenges. For instance, some of the children 
acknowledged that playing videogames, texting, or even 
calling could be difficult for them when using a smartwatch. 
At the same time, they regularly drew such activities into 
their prototypes, demonstrating a strong desire for these 
capabilities (Figure 2). Therefore, wearable tools must 
balance their portability and display size with the support of 
activities that cannot be done with a smartphone to motivate 
and encourage children to wear the smartwatch. 
On the other hand, parental control is an important feature 
currently used by most parent participants in our study, but 
some children complained about sharing their data with their 
caregivers,  
“It would be nice to have a little privacy …” [Boy, 5th grade] 
These results suggest that children in pre-adolescence are 
moving toward more independence from their parents. At the 
same time, their considerations around data privacy, control 
of information about them, and autonomous engagement 
with technology are in a state of rapid evolution. Even when 
the smartwatch of the children works by itself, our results 
suggest that parents would want to have it linked with their 
devices to have parental controls regarding smartwatch 
content.  Additionally, in a collaborative environment—such 
as one dedicated to co-regulation as we describe in the next 
section—sharing these personal data with other caregivers 
might become essential even in the face of complicated 
relationships with those data and their owners.  
Balancing Self-Regulation with Co-Regulation 
The traditional approach to supporting children who struggle 
with self-regulation is through caregiver (e.g., parents, 
teachers) support, either with motivational or emotional 
scaffolding, broadly known as co-regulation [48]. However, 
ideally, these same children will have developed independent 
self-regulation skills by adulthood. The children in this study 
Watch videos Play videogames Play videogames
Figure 2. Sketches showing activities that children would like 
to have in a smartwatch but are difficult to use in a 
smartwatch. 
 
 
 
were remarkably aware of this tension. Our results indicate 
that they want more independence while recognizing their 
own need for support from their caregivers. All participants 
suggested that providing goals and rewards could help 
children with self-regulation. Teachers already use “token-
based” economies [27] to help children improve self-
regulation in class (e.g., participants earn points for 
appropriate behaviors that could be exchanged for rewards). 
This strategy includes setting goals, verifying and reflecting 
around them, and motivation through rewards. The aim is to 
provide consistent and continual reminders to sustain the 
child’s enthusiasm for a task through praise and 
encouragement, redirection of the children’s attention, or re-
starting the goals of the task [16].   
Collective Goals Setting 
Our results indicate that goal-rewards structures should cross 
boundaries of particular contexts. The children in our study, 
in particular, suggested having three types of goals regarding 
healthcare, school, and socialization (Figure 3). However, 
cross-context goals create an additional burden for 
caregivers—both professional and familial. In particular, our 
results indicate that parents and teachers may be reticent or 
not well enough informed to create or measure goals in 
contexts with which they are not familiar. 
Some children would like to set their own goals, which 
would imply a particular security model and user interface, 
while others would expect a caregiver to determine these 
goals, implying a very different model and interface. For 
example, these two children differed in their opinions in the 
discussions: 
“You should set the goals that you want to reach” [Boy, 6th 
grade] 
“Set the goals would be something my parents do” [Boy, 6th 
grade]. 
On the other hand, despite wanting to encourage self-
regulation, nearly all the caregivers reported wanting to set-
up goals for their children. For example, one parent 
remarked:  
 “Well I’m thinking set some tasks for [the children], like 
clean the room, or when they go home they need to do some 
tasks...” [Father] 
Notably, this parent, as with most of the others, described 
home-based goals only with teachers, typically only 
describing school-based goals. Thus, the goals that can be 
managed by any particular caregiver—or even the child 
themselves—may be insufficient. Moreover, all caregivers 
are busy, and the creation, tracking, and management of 
goals can be time-intensive, leading some to suggest this 
work should be offloaded to the children: 
 “Maybe [the children] can choose what kind of [goals] they 
want … [Female Teacher] 
Our findings indicate that a hybrid or collaborative approach 
may be ideal, which could be facilitated by collaborative 
technologies. For example, parents and teachers could use 
combined interfaces to share goals across contexts. 
Alternately, caregivers could guide the children in their goal-
setting and help to monitor progress via their own interfaces.  
Tracking and monitoring progress towards goals can be 
difficult. On the one hand, caregivers want to verify the goals 
directly:  
I mean, something would be cool if I could verify [the goals] 
so he’s not just checking oh I did everything, like ok really? 
like I’ll have to open his mouth and look in his teeth [to verify 
if he brushes his teeth], or, for clean your room, I’m going to 
have to go in there and look… [Mother] 
This approach indicates either a substantial amount of human 
work (e.g., in this case, checking inside the child’s mouth) or 
a complex network of sensors and tracking technologies 
(e.g., a smart toothbrush).  
On the other hand, children need to reflect and decide which 
goals they want to accomplish:  
So there’s a whole bunch of different goals that you can try 
to accomplish but still not be perfect at them. So at least just 
try your best… [Boy, 6th grade] 
As this child noted above, visualizations and representations 
of progress should be motivational even if goals are not met. 
Tracking must always have some nuance and 
personalization. As the axiom goes, “measure what matters,” 
but in this case, what matters is highly child, family, school, 
and context-dependent. Wearable technologies are 
particularly appealing given this issue, because some goals 
may be able to be tracked automatically at a highly detailed 
level via sensing and modeling techniques. For example, 
both children and caregivers suggested that physical activity 
and outside play is important for the children. Wearable 
technologies can easily automatically detect physical activity 
as well as the impact of that physical activity (e.g., heart 
rate). Such automatic tracking may provide additional 
independence and reduce the work related to tracking. 
However, automated tracking may be in tension with the 
Social Social/healthcare Physical activity 
Figure 3. Sketches depicted different types of goals. 
 
 
 
mindfulness achieved from self-tracking and the inherent 
reflection associated with it [8]. 
Incentives and Rewards 
Child development experts recommend continuing use of 
rewards even after children reach their initial goals [27]. The 
children in this study, all accustomed to a token economy 
from their school, understood and appreciated that the long-
term goals were around intrinsic motivation. For example, 
one child noted:  
“I feel like what should like to motivate you to go for the 
goals shouldn’t be something physical. It would be like your 
internal motivation to, you know, to be better” [Boy, 6th 
grade]. 
Despite this awareness, most of the children suggested that 
they would also like to take advantage of receiving “real” 
rewards rather than either virtual rewards or relying on 
intrinsic motivation (Figure 4):  
 “After you’ve accomplished a goal, then you get a certain 
amount of coins that like your parents could put and then 
when you finish your goal, your parents can buy the gift for 
you…” [Boy, 5th grade] 
These quotes indicate that children may be looking for some 
independence and use performing appropriate behaviors to 
earn money to fulfill their own desires. Then, to acquire self-
regulation skills by children with ADHD, caregivers play an 
important role. Collaborative wearable technologies that 
engage both children and caregivers can support both the 
parental support provided by co-regulation and the long-term 
goal of independent self-regulation as we describe in more 
detail in the next sections.  
Smartwatch as a Co-Regulation Assistant   
As a child’s ability to self-regulate increases, less caregiver 
co-regulation is required. Thus, any technological support 
should support the notion of fading out co-regulation 
strategies that involve humans. These might be removed 
entirely should independent self-regulation be developed or 
they might be replaced by the technologies themselves. 
Whether technological support is its own type of co-
regulation is a larger debate within the child development 
community. One view indicates that the tool could be a 
therapeutic tool that teaches a skill to the child and then is 
abandoned. The alternative view would argue that the use of 
technology is a form of co-regulation, where the technology 
is the partner rather than a human caregiver.  
Many of the children seemed to consider the use of 
technology to be a type of co-regulation but were divided 
about whether they should use technology aiming to be more 
“similar:” to neurotypical children. For example, one child 
described the use of such technology as “cheating”: 
“it’s better that you don’t have [the reminders of stay on 
task from the teacher] because like I mean the only reason 
is if you wanted to be good at school, but like if you want to 
be a ‘normal’ kid like it doesn’t have to have reminders so 
much. Like you should have [the reminders] and just get 
called out and stuff because it’s kind of like ‘cheating’ like 
oh you got distracted…” [Boy, 5th grade] 
While another child indicated that he would prefer to learn 
these strategies in a more traditional format: 
“We don’t want any feedback. It’s nice here [at the school] 
when we’re being told to focus. It’s not ideal for us when it’s 
the best that can happen because we do need to learn…” 
[Boy, 6th grade]. 
These quotes indicate that the children in this study currently 
understand technology more like something that should be 
used for lessons and less like assistive technologies that 
should be used in daily life. This response could be related 
to their existing experiences with technology. The students 
in the school from which we recruited all use iPads, 
Chromebooks, and large screens in their academic learning 
environment. During free time they are allowed to played 
videogames such as Nintendo Wii. However, none of them 
are current users of assistive technologies.  
Tensions of Receiving Notifications 
Our results indicate three inherent conflicts concerning 
notifications: attention and distraction; supporting emotion 
regulation without being overwhelming; and, notifications 
being notable for the children and unnoticed for their peers.  
Attention and Distraction 
Because notifications are a key function in wearables and 
mobile devices, it was not surprising that the children in this 
study described notifications as one of the most important 
features for supporting self-regulation and attention: 
“It would be nice if the notification for ‘be focused’ was like 
a rumble, you know, something to make you think for a 
second…” [Girl, 6th grade] 
However, prior research demonstrates that notification on 
mobile devices can also have a negative effect on conducting 
a task that requires high levels of attention [9]. The children 
themselves described this concern, particular while in class:  
“[notifications] would make it more distracting to the 
teacher, to the class, distracting to the kids and it’d be a 
distraction to you.” [Boy, 6th grade]. 
Social Social/healthcare Physical activity 
Figure 4. Sketches depicted different types of goals. 
 
 
 
These results suggest that wearable technologies should 
avoid distraction when delivering notifications, in many 
ways, an inherent tension for wearable and mobile 
technologies more broadly  [9,21,26].  
Emotion Regulation 
All participants suggested that providing notifications to 
support the regulation of emotions could be useful for the 
children. In the school, teachers and children use the “Zones 
of Regulation”2 framework [22] to help children understand 
their emotions and behaviors during the day. Therefore, most 
of the discussion about emotion regulation with the children 
referenced the framework.   
Children discuss opposing ideas of receiving notifications 
when they are in the “Green Zone” (regulated). While some 
of the children think that encouragement phrases (e.g., “You 
are doing great!”) could serve as motivation, other children 
think that could be more useful when they are in the “Red 
Zone,” this is, not-regulated (Figure 5): 
 “But if you’re [not regulated, the smartwatch] must say ‘be 
happy, be calm.” [Girl, 5th grade] 
However, during that time, notifications could also be 
harmful or ignored, as the children are having a difficult 
moment,  
 “If I was having a really hard time and I really didn’t want 
to be talked to. I wouldn’t want a [smartwatch] saying it, be 
calm or something, I would like some alone time sometimes” 
[Boy, 6th grade] 
This result suggests that it is not enough to support the timing 
notification of children with self-regulation issues, as the 
arousal threshold of emotions is too small (i.e., the intensity 
of the emotion). Then, timing notifications for when the child 
is not regulated should take into account the emotion and the 
intensity of the emotion to decide if notification is useful, or 
it could make the child feel worse. Additionally, there are 
still open challenges in identifying emotion using bio-
sensors from wearables [6].  
Visible Smartwatch with Invisible Notifications 
Stigma remains a genuine concern with assistive 
technologies [41]. Although the advent of iPads, tiny hearing 
aids, and other mainstream technologies have served to 
reduce some of this stigma, the children in this study were 
still very much aware of the potential for embarrassment. 
Visible notifications, delivered at an incorrect time or in a 
way that draws attention, could create problematic situations 
for children with NDD, as in these two examples: 
“What if I set down [my watch or phone] and my best friend 
comes by, and there’s an alert right there saying [take deep 
breaths]." [Boy, 6th grade]  
 
2 The zones of regulation framework divides the behaviors and emotions in four zones. 
In The Green is when children are calm, focus, and feeling ok. The Yellow is when 
“I wouldn’t want an alert saying “make sure to take deep 
breaths” when you are with your friends. That’d be kind of 
embarrassing.” [Boy, 6th grade] 
These children clearly envision themselves wearing a 
smartwatch, and receiving notifications, but those 
notifications must be unnoticed by others. Then, children 
suggested that the visual and tactile notifications are 
preferable than sounds:  
“Umm, is it possible if [the smartwatch] can just give you 
like a little…like after the little vibration thing then it could 
just flash a color instead of saying it that way it can be a lot 
more quiet and a bit more efficient for when you want it to 
just be a bit more quiet…” [Boy, 5th grade] 
Teachers suggested that encoding notifications in a manner 
that only the child will know what each notification means,   
“I feel like if the notification was a vibration, or a very quiet 
ding, or something very quick, that’s like a reminder that’s 
like ok when there’s 30 minutes left it vibrates once, if it’s 
10 minutes it vibrates twice, when there’s 5 it vibrates three 
times, or it pulses when it’s time to change, and they respond 
on it like a quick they click it like an I got it kinda thing…” 
[Male, Teacher] 
These results show that not only the timing delivery of 
notification is important, but also how the notification is 
displayed has an important role when designing wearable 
technology in a social context where others could hear or see 
it, as this could be stigmatized. Then, wearables devices 
should be visible by all, but they could have an “invisible” 
application aim to assist.  
Understanding physiological data 
Most of the children described at least some interest in the 
physiological data available from a standard smartwatch. In 
particular, they all expressed awareness of heart rate 
measures even before the study and a basic understanding of 
the ubiquitous availability of such devices. For example,  
they feel unfocused, silly or fidgety. The is when they are agitated, angry or mad. The 
Blue is when children are feeling lazy, tired or sad 
Figure 5. Sketches showing type of notification that children 
envision to have when they are dysregulated. 
Asking Telling Warning
Recommending Telling
 
 
 
“The good things about a smartwatch are that they can kind 
of detect your heart rate.” [Girl, 6th grade] 
However, the use of wearable technology for this 
information tended to be of relatively little importance to 
them beyond novelty. Most of the children described 
traditional approaches, such as measuring one’s pulse by 
hand, or reflected on the limited utility of such a measure: 
“I don’t mind the idea of something that reads your heart 
rate, but you can do that by checking by hand…” [Boy, 6th 
grade] 
“because you might want to check [the heart rate] just to 
know, but it’s not going to be extremely important…” [Boy, 
6th grade]  
The comments regarding the heart rate, in particular, indicate 
that children may not fully understand physiological data 
measured by wearables. For example, in some sketches 
children drew a heart with a number indicating the beats per 
minute of a heart rate (Figure 6). However, this number was 
almost meaningless as it does not reflect an understanding of 
which values of numbers they get from a smartwatch.  
Wearable technology for their use, then, should be able to 
provide information in a child-friendly manner. For example, 
children made inferences with heart rate information. Most 
of them match a “high” heart rate with being angry rather 
than for example, excited. They described lower heart rates 
as being associated with being sad, as opposed to at peace. 
They nearly universally showed a preference for inferring 
information from the raw data of the heart rate, 
“Sometimes it’s good to check your heart because sometime 
you’ll be really mad and your heart rate raises levels.” [Boy, 
6th grade] 
The challenge of heart rate levels changing due to many 
reasons (e.g., exercise, stress, consumption of foods and 
beverages) has long plagued wearable technology designers 
seeking to infer some emotional state or another context from 
this relatively simple sensor [35]. The children in this study 
made almost no attempt to deeply understand nor any interest 
in long-term tracking of these detailed data. They were, 
however, quick to infer causality of the heart rate levels 
(Figure 7). The end result, then, is that children may be 
particularly prone to misinterpretation and over-
interpretation of simple bio-signals from wearable sensors. 
This leads to challenges concerning the proper manner to 
present physiological information to children and how they 
are going to interpret this information. Especially for 
children, it is recommended that heart rate feedback should 
be individualized to knowledge level, cognitive abilities, and 
interest of children [29]. Then, the automatic detection of 
emotion and behaviors could be useful to provide timing 
notification. However, this is currently an open challenge.   
DISCUSSION 
The results of this work show that children with ADHD are 
willing to participate in design sessions and wear a 
smartwatch. However, a variety of challenges and tensions 
are inherent to this platform as a solution for interventions in 
daily life. In this section, we discuss opportunities and 
challenges of conducting design sessions with children with 
ADHD and three key tensions that must be considered in the 
design of applications to support children with ADHD and 
their caregivers. 
Participatory design with children with ADHD 
Recent calls for greater participation by people with 
disabilities—especially children—in the design process 
[13,46] warrant engagement and inclusion at this level. 
Inclusion, in this case, necessitates creating processes and an 
environment in which children who process the world 
differently can be successful.  
In our work, the research team encouraged children to 
discuss each topic in different manners (e.g., focus group, 
sketching). With ample time for breaks, discussions then 
focused sometimes on more general questions to understand 
children's overall experience with technology and self-
regulation strategies. At other times, the discussions were 
focused on a specific topic, such as how a smartwatch could 
assist those practices. By including breaks and varying 
topics, activities, and times, we were able to create an 
inclusive environment and hear directly from the children 
about their own experiences.  
Our research team also explicitly followed two strategies that 
had been successfully deployed in the school in which we 
were working. First, during focus groups, a TV always 
displayed the topic of discussion allowing children to self-
direct of staff to redirect attention back to the topic of 
Figure 7. A child sketch showing a relationship between 
physical activity (PA), heart rate and mood (left). A smartwatch 
sketch showing a warning signal when the heart rate reaches a 
certain level.  
19 bpm 76.3 bpm 102 bpm
132 bpm
Figure 6. Sketches representing the beats per minute (bpm) 
from a heart rate. 
 
 
 
interest. Second, during the sketching activity, the researcher 
leading the workshops provided regular reminders about the 
current topic of the sketch and the time left to finish. The 
children shared their sketches to encourage engagement.  
This study demonstrates that participatory design sessions 
with children with ADHD are possible and to be encouraged. 
With appropriate accommodations, including support from 
staff, structuring of the sessions, and motivation through 
sharing, researchers can better understand the point of view 
of children, while empowering children to participate in 
treatment and the design of applications to help support their 
needs. 
Toward a Standalone Smartwatch 
Most of the current smartwatches are not truly independent 
devices, but they are non-intrusive wearable technology that 
allows the users to gather physiological data given their 
continual connection with the skin [37]. However, to achieve 
this vision, the smartwatch must be small enough to be worn 
on the arm, even for small children. The size of the display 
restricts input and output interaction compared with larger 
devices [11], and the sensory and motor difficulties 
experienced by many children with ADHD [19] add to the 
challenges in both collecting and using sensor data. 
Therefore, a potential solution is to explore how touch 
interactions could be supplemented with other types of 
interaction appropriate for a wearable context (e.g., voice, 
haptic, gestural, projections).  
Smartwatches can easily sense and record private 
information, such as physiological responses, locations, 
social media, and movements. Children with ADHD in our 
study express concerns that their data could be stolen, and 
they would like to preserve some notion of personal and 
private data, even from their parents.  
Therefore, a potential solution when designing smartwatch 
applications is that all the data should be secure and 
protected depending on the context of use to reduce stigma 
and unauthorized exposures. Moreover, children must be 
able to understand which data they are sharing with their 
parents and what mechanisms the devices are using to 
collect, analyze, and share these data.  
Open questions remain about what kind of data parents 
could—and should—be able to access to help them be aware 
of their children’s behavior without violating the children’s 
views of where and how their data are stored, shared, and 
displayed. Because wearable technologies are so personal, 
being worn literally on the body, children tended to see them 
as something quite private and owned by the individual. In a 
collaborative system that involves parental support, 
additional work must be done from a design standpoint to 
ensure that children understand how private, personal, and 
sometimes physiological data might come off the device—
and therefore off the body—and into the cloud to service the 
entire family.  
Let’s Regulate Together 
Pre-adolescents, in general, are looking for independence, 
but they still need “social-support” [25].  For children with 
ADHD, as they continuously struggle to manage their 
attention, behaviors, and emotions, it is crucial to provide 
guidance on how to be more regulated. Therefore, learning 
self-regulation requires teamwork between caregivers and 
the child.  
A potential solution is not to design an individual-focused 
application. We should create friendly environments where 
children feel secure and supported by their caregivers. 
Previous research in HCI has shown the importance of 
designing applications for families of children with 
disabilities [44], a finding echoed in this work. 
Moreover, wearable individual and collaborative 
applications should supplement existing practices of self-
regulation, as it has been shown that this could ease the 
transition between current interventions and technology-
based interventions  [20]. For example, in this study, teachers 
follow a token-based economy to maintain the motivation of 
children to accomplish goals, and the “Zones of regulation” 
framework [22], to reflect around their emotions and 
behaviors. This framework has been previously used in a 
smartwatch application supporting children with intellectual 
disabilities to inform their current emotions at the school 
[52,53]. However, adapting these largely individualized self-
regulation frameworks and instructional aides to a 
collaborative co-regulation model is yet to be tested 
clinically. 
In concern with the establishment of clinically validated co-
regulation strategies, a potential solution is to develop 
collaborative technologies that use a mix of human and 
machine support. Wearable applications have the potential to 
empower children to engage in their own regulation activities 
while still depending partially on computational and human 
supports that collaboratively set goals, reward behaviors, and 
so on. In this way, we can support children and caregivers to 
accomplish goals in a more straightforward and usable 
manner. Because teachers and parents of children with 
disabilities are under continuous stress [34], mixed-initiative 
[18] collaborative technologies that support hybrid models 
of engagement amongst families and intelligent systems can 
shift some burdens.  
 The Paradox of Notification 
The literature of HCI, UbiComp, and mobile technologies is 
filled with the paradox of mobile notification. The design of 
applications plays a crucial role in deciding which side we 
want to be, as Don Norman said:  
“Can wearable devices be helpful? Absolutely. But they 
can also be horrid. It all depends upon whether we use 
them to focus and augment our activities or to distract. It 
is up to us, and up to those who create these new 
wearable wonders, to decide which it is to be.” [32] 
 
 
 
Notifications on mobile technology can cause inattention and 
hyperactivity in the general population [21]. However, in 
Psychiatry research, it has been shown that for people with 
ADHD (who exhibit those symptoms), notifications could 
help them in improving medication adherence [50] and 
increasing physical activity [40]. 
In particular, notifications should redirect the attention of 
children when not focused, without unnecessarily distracting 
them when they are focused. Indeed, with an appropriate 
intelligent model for the notion of “focus,” devices could 
only deliver notifications when the children are unfocused. 
However, the development of sensing technologies and 
machine models for “focus” remains a technical challenge.  
Additionally, wearable technologies have the potential to 
interrupt nearby children, creating even more complexity to 
a model for when and how to deliver such notifications. 
Therefore, solutions should be focused on creating wearable 
applications that take advantage of notification and use the 
proper feedback for children with ADHD to avoid 
annoyance, harmfulness, and embarrassing situations. 
Although there are still many open challenges in smartwatch 
sensing physiological data, our results indicate several 
opportunities for future work in this space. First, we need to 
collect and validate physiological data sets for children with 
ADHD against existing models for neurotypical children and 
adults. Using these datasets, we can generate models that 
allow us to ease the interpretation of emotional responses and 
behavior. Improved models can provide better timed and 
more helpful notifications with limited distraction.  
LIMITATIONS 
Although this works produces contributions to the design of 
wearable technologies, there are some limitations. The study 
was conducted only in one school, and all of the children had 
at least some experience with smartphones. The school was 
a special educational need (SEN) school. Therefore, 
children's experiences may differ from those within a 
mainstream school. For example, the strategies followed in 
the SEN could affect the strategies that children suggested to 
support self-regulation. Another limitation is that the number 
of girls enrolled in the study was very low, as a consequence 
of the current ratio of ADHD in girls (i.e., the sex ratio 
ranging from 2:1 to 10:1  [30,36,51]). Thus, in this study, we 
are not able to highlight differences of perspective between 
gender. Therefore, additional studies with more participants 
should be conducted to evaluate the transferability of our 
results. As future work, we plan to develop an application 
that balances the tensions we found in this study to deploy a 
pilot application and evaluate its efficacy as a tool to support 
self-regulation for children with ADHD. 
CONCLUSION 
This paper presents the results from a qualitative study with 
children and their caregivers in participatory design sessions. 
All the children in this study attend a school focused on 
behavioral challenges, many of whom have diagnoses of 
ADHD and other NDD. All of the participants were capable 
and excited to participate as designers of a novel piece of 
technology. In this study, we identified tensions and 
challenges when trying to design applications for wearable 
technology supporting children with ADHD. First, designers 
and HCI researchers should balance the capabilities of 
having a standalone smartwatch application or having a 
hybrid system. Second, when supporting self-regulation, 
researchers should take into account the needs of both 
children with ADHD and their caregivers. Finally, 
notifications should balance the tensions between 1) redirect 
the attention with the disruptions caused by them, 2) being 
visible for the child but invisible for others, and 3) supporting 
when children are not-regulated without annoying them.  
These results indicate not only what should be considered 
when designing such technologies and implementing 
policies around them but also reinforce the ability and 
appropriateness of inclusion of children, especially those 
with disabilities, in the design of their futures.  
Overall, this qualitative study reveals design tensions for 
wearable applications supporting the self- and co-regulation 
of children with ADHD. This study reinforces that the form 
factor of wearables and balancing the trade-off of 
notifications are a fundamental part of designing useful 
applications supporting people with NDD. Moreover, our 
results indicate the urgent need for designing social 
wearables, where children and their caregivers can 
collaborate to accomplish common goals, and they can learn 
and practice valuable self-regulation skills.  
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